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2571-Pos Board B1
Biochemical State of the Aryl Carrier Protein Directs Sequential Domain-
Domain Interactions in the Yersiniabactin Synthetase System
Andrew C. Goodrich, Dominique P. Frueh.
Biophysics and Biophysical Chemistry, Johns Hopkins University School of
Medicine, Baltimore, MD, USA.
Nonribosomal peptide synthetases (NRPSs) are modular enzymatic systems
responsible for the production of complex secondary metabolites in bacteria
and fungi. Each module is comprised of (at least) three core domains whose
combined action leads to the selection, activation, and incorporation of a single
small molecule into a growing peptide. Central to each module is the carrier
protein (CP), which is first primed via attachment of a 40-phosphopantetheine
moiety (ppant arm) to a conserved serine to generate the active holo form.
The ppant arm then covalently harbors activated monomers and growing pep-
tides and shuttles them between the active sites of catalytic domains in both the
same and adjacent modules. During CP priming and peptide elongation, a CP
thus exists in multiple different post-translational states and must interact with
multiple catalytic domains. Understanding how NRPSs are able to efficiently
orchestrate this series of sequential protein-protein interactions between a CP
and its partner catalytic domains is key to understanding the molecular mech-
anism of NRP synthesis. In functionally analogous fatty acid synthases (FAS)
and polyketide synthases (PKS), the post-translational state of a CP (holo vs.
substrate loaded) has been implicated in directing the sequence of interactions
in these systems. However, the role these modifications play in modulating
protein-protein interactions in a NRPS has not previously been explored.
Here, we provide evidence that the biochemical state of a CP (apo vs. holo
vs. monomer loaded) alters the affinity of the CP for its partner catalytic do-
mains in a NRPS system. Our results demonstrate that each partner catalytic
domain preferentially binds to a different biochemical state of the CP and sug-
gests a means by which directionality in protein-protein interactions is achieved
in NRPSs.
2572-Pos Board B2
Systematic Perturbation of Protein:Protein Interfaces may Aid in
Functional Classification
Cameron J. Jones, Ambreen Qureshi, Sanjana Sudarshan, Brian Beck.
Biology, Texas Woman’s University, Denton, TX, USA.
Protein:protein interactions play vital roles in many biological reactions. In a
previous study we constructed a database of protein:protein interfaces (FLIPdb)
and have shown that calculations of the computational alanine scanning (CAS)
energy of residues along the interface can distinguish functional categories of
proteins.
Here, to further understand the underlying principles of protein interactions, we
examine the effects of systematically translating one interfacial subunit over a
grid in relation to the other stationary subunit for the structures in FLIPdb. A
three-dimensional potential energy surface was generated from the change in
spatial coordinates and energy of alanine substitution that accompanies each
shift in conformation. Specific characteristics of the potential energy surfaces,
including the volume within the surface, maximum depth, width at half depth,
and energy per residue were found to discriminate between different functional
classes of protein interfaces with an accuracy of approximately seventy-six
percent. These results may suggest that Functionally-Linked Interfaces of Pro-
teins (FLIPs) are more sensitive to perturbation and are thus more specific than
Functionally uncorrelated Contacts (FunCs).
2573-Pos Board B3
Structural Analysis of Lipocalin-Type Prostaglandin D Synthase
Complexed with Prostaglandin J2
Yuta Nakahata1, Shigeru Shimamoto1, Tadayasu Ohkubo2,
Kosuke Aritake3, Yoshihiro Urade3, Yuji Hidaka1.
1Science and Engineering, Kinki University, Higashi-osaka, Japan,
2Pharmaceutical Science, Osaka University, Suita, Japan, 3International
Institute For Integrative Sleep Medicine, University of Tsukuba, Tsukuba,
Japan.
Lipocalin-type prostaglandin (PG) D synthase (L-PGDS), is a member of the
lipocalin superfamily, is found and exists in the brain. L-PGDS catalyzes the
isomerization of PGH2, a common precursor molecule of various prostanoids,
to produce PGD2, a potent endogenous somnogen. L-PGDS-produced PGD2 is
sleep-inducing and to accumulates in the brain during prolonged periods of
wakefulness. In addition, We have recently found that the enzyme activity ofL-PGDS was inhibited by PGJ2, a metabolite of PGD2 metabolite. Therefore,
the structural information regarding the of L-PGDS/PGJ2 complex should pro-
vide potential information for the drug development of drugs for treating sleep
disorders. In this study, we investigated the three-dimensional structure of re-
combinant mouse L-PGDS complexed with PGJ2 by means of NMR and eval-
uated the binding mechanism from the deduced molecular structure.
The Chemical shift assignments for the of backbone and side-chain protons of
the L-PGDS/PGJ2 complex was made carried out using two-dimensional
1H-15N HSQC, three-dimensional HNCACB, CBCA(CO)NH, HBHA(CO)
NH, CCH-TOCSY, and HCCH-TOCSY. NOEs were collected from three-
dimensional 13C-edited NOESY data. In addition, to investigate the binding
site of PGJ2, we compared the HSQC of L-PGDS/PGJ2 complex with that of
apo-L-PGDS. Significant changes in the chemical shifts of the catalytic
Cys65 and other residues which are locatedexist in the bottom area of the bind-
ing pocket of L-PGDS were observed upon PGJ2 binding, indicating that PGJ2
competitively binds to the substrate binding site.
2574-Pos Board B4
The Origin of CDR H3 Structural Diversity
Brian D. Weitzner1, Roland L. Dunbrack2, Jeffrey J. Gray1.
1Chemical & Biomolecular Engineering, Johns Hopkins University,
Baltimore, MD, USA, 2Institute for Cancer Research, Fox Chase Cancer
Center, Philadelphia, PA, USA.
Antibody CDR H3 loops are critical for adaptive immunological functions.
Although the other five CDR loops adopt predictable canonical structures,
H3 conformations have proven unclassifiable, other than an unusual C-terminal
‘‘kink’’ present in most antibodies. To determine why the majority of H3 loops
are kinked and to learn whether non-antibody proteins have loop structures
similar to H3, we searched a set of 15,679 high-quality non-antibody structures
for regions geometrically similar to the residues immediately surrounding the
loop. By incorporating the kink into our search, we identified 1,030 H3-like
loops from 632 protein families. Some protein families, including PDZ do-
mains, appear to use the identified region for recognition and binding. Our re-
sults suggest the kink is conserved in the immunoglobulin heavy chain fold
because it disrupts the b-strand pairing at the base of the loop. Thus, the
kink is a critical driver of the observed structural diversity in CDR H3.
2575-Pos Board B5
Biophysical, Biochemical and Functional Studies of a Novel Fungal Tec1
Paralog
Lenka Slachtova1, Matthew Lohse2, Sandy Johnson2,
Sudha Veeraraghavan1.
1Dept. of Pharmaceutical Sciences, University of Maryland, School of
Pharmacy, Baltimore, MD, USA, 2Departments of Microbiology,
Immunology, Biochemistry and Biophysics, University of California, San
Francisco, CA, USA.
Tec1 is a member of TEA/ATTS transcription factors family and a key regu-
lator of cell development and adhesion in fungi. In Candida albicans, Tec1
is required for yeast to filamentation switch and virulence. It also plays a
role in biofilm formation. Here, we report the identification of a novel Tec1 pa-
ralog, Tec2, which has been implicated in white/opaque switching. First, using
the NMR and X-ray crystallographic structures of the DNA-binding TEA
domain, solved in the Veeraraghavan laboratory, we constructed three-
dimensional structural models of the Tec1 and Tec2 proteins to gain insights
into their activities. We then investigated the DNA binding activity of Tec2
and compare it with that of Tec1. Finally, we report on the potential biological
role for Tec2, determined using knockout and overexpression studies in C. al-
bicans. We are currently investigating the three-dimensional structure of Tec2.
2576-Pos Board B6
Structure and Molecular Dynamics of the Ig58/58 Domains of Obscurin
Tracy A. Caldwell, Nathan T. Wright, Rachel A. Policke, Isaiah Sumner,
Christopher E. Berndsen.
Chemistry and Biochemistry, James Madison University, Harrisonburg,
VA, USA.
Obscurin (800-900 kDa) is a giant muscle protein vital to muscle cell mainte-
nance and organization. It is the only known connection between the contractile
apparatus and the sarcoplasmic reticulum and also binds to specific cytoskel-
etal, signaling, or membrane-associated proteins. Obscurin domains Ig58/59
bind to titin ZIg9/10, which is hypothesized to stabilize the sarcomeric cyto-
skeleton. Mutations in this obscurin region lead to malformed muscle architec-
ture and, eventually, to hypertrophic cardiomyopathy (HCM). For obscurin/
titin binding to occur, all four of these domains must be present. In order to
fully characterize this physiologically important region of obscurin, and by
extension determine the molecular factors that drive HCM, here we present
the Ig58 and Ig59 structure using both X-ray crystallography and heteronuclear
Wednesday, February 11, 2015 511amultidimensional NMR spectra. Low-resolution structure and dynamics of
these tandem domains, along with how these domains react to physical stress,
are also discussed.
2577-Pos Board B7
Structural Studies of Obscurin Ig2
Matthew C. Oehler, Nathan T. Wright, Christopher E. Berndsen.
Chemistry and Biochemistry, James Madison University, Harrisonburg,
VA, USA.
Obscurin (720-900 kD) is a giant sarcomeric signaling protein that plays a
crucial role in the arrangement of the basic contractile unit of muscle. Muta-
tions to Obscurin and to Obscurin binding partners have been linked to human
muscle diseases such as hypertrophic cardiomyopathies and muscular dystro-
phy. These diseases likely occur due to the rescindment of specific molecular
interactions necessary for suitable function. The modular arrangement of the
independently folding domains of Obscurin allows for select analysis of each
of these independent binding events. Here, we present the high-resolution crys-
tal structure of the Obscurin Ig2 domain. This region binds to the extreme C-
terminus of MBPC-slow variant, although how it does this is unknown. This
structure is a canonical Ig-like fold, consisting of two beta sheets coming
together to form a beta sandwich.
2578-Pos Board B8
The Unusual Heme Coordination of THB1, a Hemoglobin fromChlamydo-
monas Reinhardtii
Selena L. Rice1, Matt R. Preimesberger1, Jamie L. Schlessman2,
Lauren E. Boucher3, Jurgen Bosch3, Juliette T.J. Lecomte1.
1Johns Hopkins University, Baltimore, MD, USA, 2U.S. Naval Academy,
Annapolis, MD, USA, 3Johns Hopkins University Bloomberg School of
Public Health, Baltimore, MD, USA.
THB1 is a ~15 kDa ‘‘truncated’’ hemoglobin (Hb) found in the cytoplasm of the
unicellular green alga Chlamydomonas reinhardtii. As for other Hbs within
photosynthetic microbes, THB1 is thought to be involved in the management
of reactive oxygen/nitrogen species. To complement physiological studies
aimed at determining the function of THB1, we are pursuing the characteriza-
tion of the recombinant protein (rTHB1) [1] with special attention to the heme
environment. At pH ~ 5, ferric rTHB1 has an optical spectrum characteristic of
a six-coordinate, high-spin complex with a histidine and a water molecule as
axial ligands to the heme iron. When the pH is raised near neutrality, the protein
undergoes a transition (apparent pKa of 6.5) to a six-coordinate, low-spin com-
plex. Mutagenesis and NMR data collected in the diamagnetic ferrous state pro-
vide direct evidence for the ligation of a lysine (K53) on the distal side of the
heme [1]. Here, we continue the study of this unusual iron coordination scheme.
The distal lysine, like the distal histidine of cyanobacterial globins (GlbNs), fa-
cilitates electron transfer. However, unlike the histidine of GlbN, the distal
lysine of THB1 does not protect ferric heme from oxidative damage caused
by H2O2. Analysis of ferrous THB1 NMR data reveals a neutral lysine amino
group with highly upfield-shifted 15N signal. Fast-exchange averaging of the
two amino protons is a further indication of a dynamic distal coordination.
Additional structural information was obtained from diffraction data collected
at beamline X25 (National Synchrotron Light Source, Brookhaven National
laboratory). Crystals of ferric rTHB1 grown at pH 9.5 diffracted to 1.9 A˚ res-
olution (P6122 space group) and the data were used to inspect the structural fac-
tors allowing lysine coordination.
[1] Johnson et al. (2014) Biochemistry 53:4573
Supported by NSF grant MCB-1330488
2579-Pos Board B9
Characterizing Steric Limitations of the Heme Pocket in the Gas-Binding
Tt H-Nox Protein using Site-Specific Incorporation of Unnatural Amino
Acids
Lukasz T. Olenginski1, Christine M. Phillips-Piro2.
1Biochemistry and Molecular Biology, Franklin and Marshall College,
Lancaster, PA, USA, 2Chemistry, Franklin and Marshall College, Lancaster,
PA, USA.
Heme Nitric Oxide and/or Oxygen (H-NOX) binding proteins are bacterial O2
and/or NO gas-sensing proteins involved in signaling a variety of functions to
the cell. Much work has been done to characterize the heme-binding pocket in
Thermoanaerobacter tencongensis H-NOX (Tt H-NOX) using site-directed
mutagenesis with the 20 naturally occurring amino acids. We aim to further
characterize the heme-binding pocket of Tt H-NOX by incorporating unnatural
amino acids (UAAs) into the H-NOX scaffold, shedding light on both ligand
discrimination and the tuning of ligand affinity. Currently, we are working to
understand the steric limitations in this pocket by incorporating halogenated
phenylalanine residues and characterizing the spectroscopic, gas-binding, and
structural properties of these proteins.2580-Pos Board B10
Single Molecule Fo¨rster Resonance Energy Transfer Studies of the Effect
of Deglycosylation on the Structure of Immunoglobulin G
Cathrine A. Southern, Mark S. Piraino, Jihad Aburas, Alan J. Mlotkowski.
Chemistry, DePaul University, Chicago, IL, USA.
The deglycosylation of immunoglobulin G (IgG) antibodies with the bacterial
enzyme EndoS has been suggested as a potential treatment for some autoim-
mune disorders as this process leads to a diminished immune response. The
reduction in immune response is thought to arise from weakened binding of
effector molecules to the fragment crystallizable (Fc) region of IgG antibodies
as a result of a conformational change in the Fc region. The nature of this struc-
tural alteration is uncertain due to conflicting results obtained from x-ray crys-
tallography and small-angle x-ray scattering studies. To further examine the
impact of deglycosylation on the structure of the Fc region, we have examined
both glycosylated and EndoS deglycosylated IgG antibodies using single mole-
cule Fo¨rster Resonance Energy Transfer (smFRET). The FRET efficiency his-
tograms obtained from studying freely-diffusing, dye-labeled antibodies
suggest that the flexibility of the Fc region increases upon deglycosylation.
2581-Pos Board B11
Probing Structural Implications of Unnatural Amino Acid Incorporation
into Green Fluorescent Protein
Nicole Maurici, Andrew Dippel, Melanie Liskov, Scott Brewer,
Christine Phillips-Piro.
Chemistry, Franklin & Marshall College, Lancaster, PA, USA.
The ability to study local protein structure and dynamics has been greatly
enhanced by the genetic incorporation of unnatural amino acids (UAAs) that
contain spectroscopic reporters. An important characteristic of an effective
spectroscopic reporter UAA is the ability to probe local protein environments
in a relatively non-invasive manner. Here we have investigated the structural
consequences of the genetic, site-specific incorporation of the spectroscopic re-
porter UAA 4-cyano-L-phenylalanine (pCNPhe) into distinct sites in super-
folder green fluorescent protein (sfGFP) by X-ray crystallography. This UAA
was selected since it can serve as both a vibrational and fluorescent reporter
of local protein structure and dynamics. X-ray crystal structures of sfGFP con-
structs containing pCNPhe will be presented and the structural impacts of the
incorporation of this UAA into sfGFP will be discussed.
2582-Pos Board B12
Engineering the Cysteine Motif ‘CXXC’ into a Protein Imparts It Novel
Properties
Likhesh Sharma.
Molecular Biophysics Unit, Indian Institute of Science, Banaglore, India.
We introduced the widely occurring cysteine motif CXXC into the maltose
binding protein (one-at-a-time in five alpha-helices, at the N-termini) to test
three hypotheses: 1) Does a disulphide bond form at the N-terminus? 2)
Does the protein acquire any oxido-reductase activity? 3) Does it acquire
new metal-binding properties?
We confirmed: 1) Each cysteine pair forms a stable intrahelical disulphide bond
under non-reducing conditions. 2) The five mutant proteins acquire consider-
able oxidoreductase activity, tested by the insulin aggregation assay. 3) The
mutants acquire novel metal-binding properties for Ni2þ, Cd2þ, and Zn2þ
upon reduction. We observed that introducing the CXXC motif neither desta-
bilizes the protein nor affects its global structure.
Our results demonstrate that introduction of CXXC motifs can be used to probe
alpha-helix start sites and to introduce oxidoreductase and metal binding func-
tionality into proteins.
2583-Pos Board B13
Deciphering the Glycosylation Code
Christopher Ellis1,2, Will Noid2.
1University of Maryland, Baltimore, MD, USA, 2The Pennsylvania State
University, University Park, PA, USA.
Asparagine-linked glycosylation, the cotranslational attachment of a carbohy-
drate to an asparagine sidechain, dramatically impacts protein folding, stability,
and structure. However, the ‘‘glycosylation code’’ that relates these effects to
protein sequence remains unsolved. This work investigates the underlying
mechanism of an experimentally observed asx- to beta-turn conformational
switch that is induced by the glycosylation of a short peptide using atomistic
molecular dynamics simulations. In order to distinguish between the effects
of specific and nonspecific interactions with the carbohydrate, these simulations
considered model peptides that were N-linked to a disaccharide and also to a
steric crowder of the same shape. The simulations suggest that nonspecific ste-
ric crowding by the N-linked disaccharide does not significantly alter the pep-
tide free energy surface. However, the combination of steric crowding with
specific interactions, e.g. hydrogen bonding and aromatic-glycan stacking,
